THE present generally accepted position is that after subcutaneous injection of B. typhosus vaccine in man, the earliest specific response demonstrable in the serum by macroscopic titre tests appears somewhere between the seventh and eleventh day. This is in close agreement with the original findings of Leishman and his colleagues (1905), and leaves an apparent latent period of about a week after inoculation. The possible earlier appearance of the 0 agglutinins after vaccination has not yet been worked out in man.
THE present generally accepted position is that after subcutaneous injection of B. typhosus vaccine in man, the earliest specific response demonstrable in the serum by macroscopic titre tests appears somewhere between the seventh and eleventh day. This is in close agreement with the original findings of Leishman and his colleagues (1905) , and leaves an apparent latent period of about a week after inoculation. The possible earlier appearance of the 0 agglutinins after vaccination has not yet been worked out in man.
Two clinical observations are now submitted, in evidence that reactive changes of some importance develop in man several days before the titre rise, followed by Case. XLII. Oliver Heath 45 Yrs 1923. January. B.typhosus.V nn160,6OAn Chart 1. laboratory experiments planned to discover the nature of this change. The series was completed before research on H and 0 antigens and antibodies had emerged from the experimental stage, from which it will be clear that ordinary H + 0 vaccines and cultures were used throughout.
A.-CLINICAL OBSERVATIONS.
Observation 1-Chart I.-This experiment with the serum-bactericidal and agglutination details had been previously published by the writer (1924) . The present problem concerns the clinical features the fuller analysis of which led on to the work described below.
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The subject (O.H.) had last been immunized with 2000 M. B. typhosus vaccine rather over two years previously, and still showed low agglutination which, in terms of the Oxford standards, gave a reduced titre (R.T.) of 28, though the serumbactericidal titre had returned to normal.
Vaccine was prepared by the method of Wright (1921) from a ten-year-old culture of B. typhosus (1068), and a series of nine increasing doses injected subcutaneously in different parts of the body on consecutive days.
In the plus-minus line below Chart I, each set indicates the comparative tenderness and duration of the local inflammation, and the associated malaise, following the dose injected on the corresponding day. The earlier reactions were of increasing severity. The fourth was most severe. The fifth showed slight amelioration, while the last four decreased successively to a negligible quantity. The daily temperature curves rose gradually to become continuous on days 5 and 6. From day 6 they again became intermittent and slowly subsided.
It is to be noted that variations in severity of inflammation and malaise preceded changes in temperature by about 24 hours, and that all clinical signs and symptoms began to abate in the middle of a course of increasing doses of vaccine, three or four days before the first rise of serum titres above their original levels on day 9. The suggestion is that resistance to the homologous vaccine is increased before the serum titre values.
Observation 2-Chart II.-This experiment was planned to confirm and clarify the first, on another subject immunized eleven years previously with two doses of T.A.B. vaccine, but not showing any macroscopic agglutination at the commencement of the experiment. Vaccine was prepared from a five-year-old culture of B. typhosus (875).
Two immunizing doses of 400 M. injected on days 1 and 2 each caused fairly severe local inflammation and malaise with rises of temperature to 1000 F and 101°F. These reactions were allowed to subside. On day 5, reaction to repetition of the same dose was barely perceptible, and temperature did not exceed 98. 8 F. Specific agglutination appeared on day 11 (R.T. = 7).
It is to be noted that power to dispose of (or resistance to) the homologous vaccine, estimated by clinical reaction, is greatly increased on day 5, in this case six days before the titre rise.
Comparing the two experiments, one has to remember that in a subject with normal or low immunity, each single vaccine reaction (gauged by local signs) extends over several days. In experiment I, therefore, each injection after the first was made during the continuance of one or two preceding reactions, thereby having a, cumulative effect, and the picture of the experiment becomes a curve. Consequently in experiment I, the 400 M. on day 5, having a cumulative action, caused definite reaction. In contrast to this in experiment II, the 400 M. injected on day 5 when previous reactions had subsided, acted in isolation and the clinical reaction was almost negligible. A similar contrast, seen in one subject within a period of four days, has been previously published by the writer (1924) .
Taken together, the variations in clinical reaction indicate clearly that resistance to the homologous vaccine is increased several days before the rise of serum titre values.
B.-LABORATORY EXPERIMENTS. Since it was found impossible to correlate the macroscopical tests with the clinical findings, a series of microscopical observations was undertaken.
I.-Lysis.-(1) Technique.-Defibrinated blood (used to facilitate spreadir'g of even films) was mixed in a series of capillary pipettes with equal volumes of 20-hour broth culture, sealed and incubated in a water bath at 370 C. for periods varying from three to thirty minutes, and films prepared and stained by the opsonic method of Wright (1921) . Extracellular bacilli were alone noted under a 1 oil-immersion lens.
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3 Durham (1897) described and pictured the changes seen in the bacilli during lysis. In Diagram I these are represented in order of appearance, though in practice all may often be seen in one microscope field. The arbitrary end-point chosen was the time when the spherulate form 3 is numerous and tending to predominate, admittedly a qualitative and approximate criterion only, but the difference between the effect of normal and immune serum is much greater than the possible error of estimation.
(2) Normal v. immune.-Protocol I shows that the normal lysis time of twenty to twenty-five minutes is reduced by immunization to about six minutes.
Further, somewhere within two years after immunization it has returned to normal; intervening tests were not made since duration is only of secondary interest in this communication. PROTOCOL (3) Early changes after inoculation.-Protocol II records daily estimations before and after immunization of a previously normal subject. Lysis time is slowly reduced between the fourth and seventh day. On day 8 the films showed plainly that a larger proportion of the bacilli were affected, and on this day the first rise of serum-bactericidal titre was detected. It appears from these that velocity of serum lysis is increased by immunization, and the change occurs during a period of days immediately preceding the serum titre rise.
II.-Clumpinq and motility.-(1) Technique.-It is essential that the culture be previously replanted daily from broth to broth till highly motile and agglutinable, and be used twenty to twenty-two hours old. It is convenient to dilute with broth to the point where the test serum causes formation of small clumps of ten to twenty bacilli.
The serums were heated at 56°C. for fifteen minutes, and used undiluted except by culture.
By aid of a teat and capillary pipette equal volumes of serum and culture were mixed on a coverslip, which was picked up on a plasticene ring fixed to glass slide and inverted, then examined as a hanging drop on an electric warm stage at 370 C. under a sixth objective. For comparisons, two preparations were made on one slide at an interval of one minute, and watched alternately.
( 2) clumping in five minutes, others not till ten minutes. Motility is not inhibited within that time. In immunized subjects clumping is evident and motility inhibited before the microscope can be focussed, i.e., within one minute. In contrast to what was noted in relation to lysis, these changes had persisted in two subjects at three and nine years after immunization. Three other subjects showed the same phenomenon persisting with B. paratyphosus A and B nine years after T.A.B. vaccine.
(3) Early changes after inoculation.-Protocol IV shows daily records made before and after inoculation of a previously normal subject. The serums were tested separately as collected, and compared serially in couples at the end of the experiment, when the remainder of each was tested for macroscopic agglutination in serum dilutions of 1 in 5 upwards. The normal clumping time of this subject was ten minutes, and was reduced to five minutes on day 5, with partial inhibition of motility and to under one minute with complete inhibition of motility on day 7, when macroscopic agglutination was present in a serum dilution of 1 in 10 (R.T. = 1i). Of four other true normal subjects, two showed the first time reduction on day 5, and two on day 4. In one case the change occupied five days, a sudden time reduction on day 5, followed by progressive reductions on days 7, 8 and 9, on which day macroscopic agglutination appeared in a serum dilution of 1 in 6 (R.T. = 1).
Clumping and inhibition of motility therefore show a change similar to that seen in lysis, and covering approximately the same period of time.
III.-Opsonic action.-In the light of the foregoing it will be clear that incubation of an opsonic test will be limited by two factors, lysis and clumping, the time-relations of both of which change during the period under consideration. Further, with fresh serum, lysis will interfere with readings more seriously as immunity develops, while with heated immune serums the ingestion of clumps is unavoidable.
It is not difficult to demonstrate increased phagocytosis with immune serums as against normals, especially when using heated serum, but it is, however, not entirely clear that this is due to pure opsonic action of the serum.
The problem of phagocytosis is somewhat complicated, and it is the writer's intention to treat it separately in a future communication.
EXPERIMENTAL SUMMARY.
Evidence is submitted that after an immunizing dose of B. typhosus vacciDe in man, there is: (a) Clinical evidence of increased resistance to the homologous vaccine, (b) microscopical evidence of increasing velocity of serum activity seen in lysis and clumping and inhibition of motility, both covering a period of from three to six days immediately preceding, (c) the specific rise in serum titre values.
From this correlation of the serological variations with the clinical manifestations it is tentatively suggested that the serum changes may be, in part at any rate, the cause of the clinical amelioration observed during the same period of time.
DISCUSSION.
Experimental methods.-The two latest authoritative textbooks on technique, brought out under the auspices respectively of the British Medical Research Council (1931) and of the American Society of Clinical Pathologists (1931), devote very little space to microscopical methods in serological work, an omission suggesting that such methods are out of favour, which in fact is confirmed by reference to the general literature on the subject. At the same time they reveal a present-day tendency toward macroscopic titre or plating methods. In this latter class, whether planned to det'ermine the number of bacilli killed by a volume of serum, or the dilution of serum which will produce a given (bactericidal or agglutinating) effect on a standard suspension of bacilli, incubation is for a set period of one hour or longer and note is not taken of the pace at which the observed interaction takes. place within that time. The method of estimating lysis used by Leishman (1905) must be included in this group, the criterion of a positive result being that all the bacilli shall have become spherulate and rods be absent after incubation for one hour: the earliest change he noted was on day 7 with ordinary'doses, but on day 5 or 6 after smaller doses which suggests a small titre rise earlier than was found with a different technique by the writer (1924) . Such methods, and these include Dreyer's standard agglutinating technique, could, however, not show the early changes in velocity of action which can on the other hand be readily seen by continuous or intermittent microscopical examination as in the experiments related above. Titre methods show changes in total power, while the microscope reveals both the character and pace of the antibacterial action of serum.
As a general principle in immunological-as opposed to purely technical-25 767 research, one tries to make the test conditions conform to those which might conceivably occur in the body, and to exclude as far as possible artificial manipulations such as dilution of serum or incubation at other than body temperature. Use of heated serum in clumping tests comes in this category of artificial conditions, and objection may be raised to its use the discussion of which would lead far afield and be too lengthy for the present occasion. It was decided to use heated serum -for two reasons, viz.:, (a) heating causes more definite clumping than is obtained with fresh serum, and (b) it preserves the serum in such a way that the results can be confirmed in series at the end of the experiment. Apart from serum tests, immunity variations have usually been estimated by clearing or protection methods. Recently, however, H. D. Wright (1930) used a killed suspension of B. coli to compare the temperature response in rabbits before and after immunization : the injections being intravenous, there were no local manifestations, and the general condition of the animals was not recorded. The method is a clearing test with dead in place of live culture, and on hypothetical grounds there does not seem to be any relevant contra-indication to its use in non-lethal doses in man, while, if injections are subcutaneous, additional clinical -information is made available.
Experimental results.-The general literature contains many instances of apparent non-correlatio'n of immunity with demonstrable antibody, and the subject is fully discussed by Topley and Wilson (1929) , but references to this discrepancy during the first week-of immunization are scarce. H. D. Wright (1927), working with -pneumococci in rabbits, found specific increased resistance by clearing tests on day 3, but could not in any case show specific agglutination before day 4, and -sometimes not at all. In the complete experiments immunity preceded antibody, as shown by titre tests. On the other hand, Lord and Nesche (1929) state that human serum during pneumonia may show agglutination either before or after it has any protective value in mice.
Immunization appears to be a more rapid process in small animals than in man. Henderson Smith and St. John Brooks (1912), using B. typhosus in rabbits, reported the first titre changes on day 5, though some of their protocols suggest that lower dilutions would have shown positive results earlier still. R. R. Armstrong (1925, 1931) , using pneumococci, found by protection tests in mice the first rise in rabbits on day 3 or 4, in man on day 5 or 6, agreeing here with Lord and Nesche. With B. pestis S. Rowland (1912) found immunity well developed in rats by twentyfour hours after inoculation of a killed vaccine or of nucleoprotein extracted from -the bacilli, but does not appear to have tested the specificity of the reaction. These 'variations in the time relations in different species of anim&ls make it necessary to ,exercise caution in comparing the reports of different workers.
The paucity of recent microscopical work in serology becomes evident from study *of the two latest authoritative textbooks concerned with immunology. Topley and Wilson (1929) indeed point out how little has been added since the early years of this century to our knowledge of what may happen when normal or immune serum is mixed with bacteria in vitro (p. 135), and refer to the unsatisfactory state of our knowledge of bacteriolysis, which they attribute largely to the fact that most workers have noted the death of the bacteria and not the actual process of lysis (p. 169).
The velocity of serum activities has seldom been noted in recent work. Bull (1916) refers to the rapidity of agglutination in immune rabbits in vivo, but did not trace its development. The only record known to the writer of experiments planned to observe the pace of agglutination during the course of immunization was made by W. F. Harvey . This observer, working with B. typhosus in man, 'watched mixed serum and culture in capillary tubes at room temperature, and found that undilute normal serum caused fine particulate clumping seen by a handglass in twenty minutes; on day 5, 1 in 4 serum clumped slightly quicker; on day 10 clumping was immediate. Allowing for the superiority of the microscope and incubation at body temperature, the character and sequence of events noted agree closely with the present writer's findings.
Since completion and evaluation of the experiments forming the subject of this paper, the question of H and 0 antigens and antibodies has been considerably clarified, and one can make certain relevant comparisons of some interest. J. A. Arkwright (1927) has given a very concise description of the microscopical appearances of clumping with specially prepared 0 and H serums, which correspond in all details with those seen by the writer when using respectively fresh normal and immune serums. The most striking contrast is that normal clumping occurs without inhibition of motility, an 0 effect; while the clumping developed by immunization is associated with inhibition of motility, an H effect. Secondly, after immunization, lysis (present experiments) and serum-bactericidal power as found previously by the writer (1924) seem to return to normal somewhere probably within one year; these are 0 effects. In contrast, the rapid clumping associated with inhibition of motility was noted to persist up to nine years after immunization; these are H effects. Felix and Olitzki (1929) emphasize this grouping of H and 0 antibodies and quote other workers. This agreement of two entirely,different and independent lines of research in separating the same groups would seem to have the value of additional though indirect evidence.
Finally, if increase of velocity of serum action be accepted as a relevant factor, it is possible to visualize the development of immunity to B. typhosus in three phases, as follows:
(1) Preparation.-Armstrong (1925) called this the inductive period. Previously Andrewes (1910) had made a comparable observation in the development of antibacterial leucocytosis in rabbits. He found that a tissue reaction consisting of proliferation of marrow cells occurred during the first four days. After four days, newly formed leucocytes were thrown into the circulation leading to a peripheral leucocytosis. From this work it appears highly probable that the first few days are occupied by tissue preparation in areas where antibacterial substances appropriate to the infection are to be produced.
(2) Acceleration.-In this period the antibacterial action of serum is accelerated, probably without change of titre value, a statement which so far as the writer is aware is supported only by Harvey and himself.
(3) Augmentation.-In this period we see increasing titre values of the wellknown specific antibodies.
If, however, the increased velocity as described above is accepted as a factor in the development of immunity to the B. typhosus in man, the final change from normal becomes increased total power superadded to increased velocity. [March 15, 1932.] Sir Aldo Castellani, K.C.M.G., read a short paper on an amceba which he had discovered living parasitically on cultures of a yeast-like fungus -Cryptococcus pararoseus Cast., the vegetative form as well as the cysts being found only on the actual growth of the fungus, in the culture, not on the surface of the medium outside it. Sir Aldo described his procedure for isolating the amceba, and outlined its morphological and physiological characters. The paper summarized four notes on the discovery of this parasitic organism published in full in the Journal of Tropical Medicine and Hygiene, 1930-31. 
